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[ABSTRACT OF THE DISCLOSURE] 



[Abiitract] 



I To prevented boron ions from infiltrating a silicon wafer when a BPSG 

ii 

layer jias a pre-metal dielectric layer is deposited, the BPGS layer is deposited 
after jhydrogen of a surface of a liner nitride layer is removed by a ultraviolet 

i" 

!i 

ozon4 treatment of the surface of the liner nitride layer. The liner nitride layer is 

depo|ited as a lower layer before depositing the BPGS layer. The liner nitride 

}• 

layer ilprevents impurities such as boron, phosphorous, and others which are 

\\ 

contafjned in a BPSG layer from Infiltrating the silicon wafer including the MOS 

i- 

transistor when the BPSG layer as a pre-metal layer to be deposited at a 
subsequent process directly contacts the silicon wafer. The liner nitride layer 

also |cts as an etch stop layer during later etching of BPSG layer to form contact 

jj 

holesji 

[ Boron ions are previously prevented from infiltrating a silicon wafer by 
prevejhting generation of boron ions by reaction between hydrogen on the 
surfale of the liner nitride layer and B-O of the BPGS layer. Accordingly, 
degradation of a semiconductor device is prevented by preventing a reduction of 
a thr^hold voltage of a PMOS and cunrent leakage. 
[Representative Drawing! 

j FIG, 2c 

ij 

[Ke| Word] 

■ li 

jj pre-metal dielectric layer, liner nitride layer, BPSG, ultraviolet ozone 
treatment 
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1 [SPECIFICATION] 

j 

2 [TITLE OF THE INVENTION] 

3 I METHOD FOR MANUFACTURING PRE-METAL DIELECTRIC LAYER 

4 OF skMIGONDUCTOR DEVICE 

5 [BRIEF DESCRIPTION OF THE DRAWINGS! 

6 ; FIGS. 1a and 1b are schematic process drawings of a conventional 

7 meth ipd for manufacturing a pre-metal dielectric layer of a semiconductor device. 

8 ; FIGS. 2a to 2c are schematic process drawings of a method for 

1. 

9 manijjfacturlng a pre-metal dielectric layer of a semiconductor device according 

I- 

10 to anjiexemplary embodiment of the present invention. 

11 iDElrAILED DESCRIPTION OF THE INVENTION] 

12 t Object of the Invention! 

r 

ii 

13 [Fi^jd of the invention and description of the related art] 

i: 

14 I The present invention relates to a process for manufacturing a 

I; 

15 seml|onductor device. More particularly, the present invention relates to a 

16 meth|>d for manufacturing a pre-metal dielectric layer of a semiconductor device 

17 in a process for manufacturing a semiconductor device. The pre-metal 

18 diele(itric layer is formed to electrically insulate between a silicon wafer that the 

19 semi( conductor device is formed on, and a metal interconnect line layer. 

20 j Generally, a pre-metal dielectric layer is formed of an oxide layer to 

21 electjically insulate between a silicon wafer that the semiconductor device is 

22 formcid on, and a metal interconnect line layer. A BPSG (borophosphosilicate 

23 glass) layer of Si02-B203-P205 is formed by adding a reactant having boron or 

24 phosphorous to planarize the metal Interconnect line layer when the oxide layer 
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the SI 



is foqied and for gettering of sodium ion (Na+) and others. 

A conventional method for manufacturing a pre-metal dielectric layer of a 
semi(j onductor device will be described with reference to FIGS. 1a and 1b. 

i 

! Referring first to FIG. la, a MOS transistor 3 including a gate oxide layer 
and c gate G, a source S, and a drain D that are formed of poly silicon is formed 
at a <; evice region of a silicon wafer 1 . A device isolation region is defined on 
icon wafer 1 by a field oxide layer 2 formed by a LOCOS (local oxidation of 

silicoji) process, an STI (shallow trench isolation) process, or others. In 

i 

additjiDn, siliclde 4 is formed over a surface of the gate G. the source S, and the 

I 

drainj D to reduce contact resistance between the gate G, the drain D, and the 

i 
1 

sourde, and a metal interconnect line layer to be formed In a subsequent 
process. Subsequently, a liner nitride layer 5 is deposited over the entire 

surface of the silicon wafer 1 including the MOS transistor 3. The nitride layer 5 

I 

prevents impurities such as boron, phosphorous, and others which are 



contJined in a BPSG layer from infiltrating the silicon wafer 1 including the MOS 



transistor 3 when the BPSG layer as a pre-metal layer to be deposited in a 

i! 

subsequent process directly contacts the silicon wafer 1. The liner nitride layer 
5 alsl> acts as an etch stop layer during later etching of the BPSG layer to fomi 

i 

contsjct holes. 

|| Subsequently, as shown in FIG. lb. a TEOS (tetraethylorthosilicate) type 
of Bl|sG layer 6 as a pre-metal layer is deposited over the entire surface of the 
liner liitride layer 5 to a thickness of about 14,0OOA by an ARCVD (atmospheric 
presi}ure chemical vapor deposition) method or an SACVD (sub-atmospheric 



Chen I 



tical vapor deposition) method. Here, with respect to the deposited BPSG 
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1 layer 6, the bonds between B-O, P-O, and Si-O are weak such that they are 

2 easily; broken by external chemical and mechanical contact. Therefore, a 

i 

3 densification process is performed at a temperature of about 700''C to obtain a 

4 stabte BPSG layer 6. The chemical and mechanical strength of the BPSG layer 

5 6 is ncreased by approximately three times by the densification process as 

6 compared with before the densification process. After this, a pre-metal layer of 

«• 

7 the sf miconductor is completed by planarization of the BPSG layer 6. 

8 : In the conventional method, a PECVD (plasma enhanced chemical 

9 vapo i deposition) method using plasma and low temperature, an LPCVD (low 

10 pressure chemical vapor deposition) method using low pressure and high 

11 tempbrature. or other methods may be used to form the liner nitride layer 5, In 

12 particular, the PECVD method has been generally used in recent years because 

13 a low temperature process is possible. The liner nitride layer 5 that is deposited 

14 by a ^reaction of silane (SiH4) and ammonia (NHS) according to the PECVD 

15 methbd is less stoichiometric than the liner nitride layer that is deposited by the 

16 LPC^D method. Because of this, as shown in A1 of FIG. 1b, PECVD of the 

17 liner jhitride layer 5 has plentiful hydrogen (H) (about 20 to 30 mole%; the 

i. 

it 

18 hydrcjjgen content by LPCVD method Is 4 to 6 mole%.) that is generated in the 

19 decomposition process of silane and ammonia. Existence shapes are various 

20 as fellows: Si-H. Si-H2. Si-Ha, N-H, N-Hg. and others. These exist not only 

21 insid0 of the layer but also at the surface of the liner nitride layer 5, and a 

22 bonding force of Si-H among these bonds is very weak such that It is easily 

23 brok|n by external chemical contact- Here, a chemical structure at an interface 

24 of thi liner nitride layer 5 and the BPSG layer 6 in the case that the BPSG layer 
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6 is fjbrmed over the liner nitride layer is shown in A1 of FIG. 1 b. 

Additionally, in the case that the BPSG layer 6 is deposited over the liner 
nitrid^ layer 5, as shown in Reaction Formula 1, Si-H of the surface of the liner 
nitridfe layer 5 and in the vicinity thereof contacts unstable B-O, P-O, and Si-O of 

! 

the cljeposited BPSG layer 6. At this time, thermal energy from a deposition 

I 

tempbrature of about 400**C to SOC'C of the BPSG layer 6 is received. The 

bonding force of Si-H is further weal^ened by the thermal energy, and Si-H 

\- 

contacts and easily reacts to B-O, P-O, and Si-O in this state. The reaction is 
achieved to stabilize them, and hydrogen on the surface of the liner nitride layer 
5 ana oxygen of B-O are combined and stabilized and B-O, P-O, or Si-O is 
positjjoned at the location where hydrogen is removed. Finally, only boron ions 
(B+) lire left over when oxygen is removed, and the boron ions infiltrate the liner 
nitrldj^ layer 5 because of its small atomic radius and excellent mobility, or 
remsjins inside the liner nitride layer 5. The above case may be generated at B, 
P. or I Si. but P and Si cannot infiltrate the liner nitride layer 5 because P and S 
have]! large atomic radii and mobility of P and Si is substantially lower than that of 
B. 



[Reljaction Formula 11 

8+ 



Si 
I 

0 



B 

il 
D 

H 
h 



SI 0 
\ / 
O H 



O 

Si / 
I H 
O 

_J 

Si B + 
i 



Si Si 

Further, the BPSG layer 6 is densified by a heat treating process when 
the ^PSG layer 6 is deposited. At this time, boron ions that remain inside the 



liner 



initride layer 5 or that have infiltrated the liner nitride layer 5 infiltrate the 
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silicojh wafer 1 . 

I The boron ions infiltrated in this manner particularly generate problems m 
the f[moS using boron as impurities of the source S and the drain D. The 

! 

i: 

infiltrated boron ions reduce the threshold voltage of the PMOS by moving in the 

silicojfi and cause current leakage. A channel may be poorly formed by the 

i 

curreht leakage even when an applied voltage is removed to remove the gate 
chanjnel. 

i 
I. 

[Ot^ect to be achieved by the present invention] 

i 

\ The present invention has been made to solve the above-noted problem, 

I 

and an objective of the present invention it to prevent boron ions from Infiltrating 
the s ilicon wafer when a BPSG layer as a pre-metal dielectric layer of a 
semlt:onductor device is deposited. 
[Cojhstitution and Operation of the Invention] 

I In order to achieve the objective, after hydrogen of a surface of a liner 

i 

nltrid^ layer is removed by ultraviolet ozone treatment of the surface of the liner 



nitrid^ layer that is deposited by PECVD, a BPGS layer is deposited so boron 

i 

ions are not formed in the present invention. 

j 

That is» the present invention comprises a step of fonning a 
semitonductor device having a gate, a source, and a drain at a device region of 
a silic on wafer, a device isolation region is defined on the silicon wafer, a step of 
depositing a liner nitride layer over the entire surface of the silicon wafer 
inclujing the semiconductor device by a PECVD method, a step of performing 
ultra^^^olet ozone treatment to a surface of the liner nitride layer to remove 
hydrc gen from the surface of the liner nitride layer and the vicinity thereof, and a 



6 
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Step y forming a BPSG layer as a pre-metal layer over the entire surface of the 
liner jiiitride layer and densifying the BPSG layer. 

The silicon wafer in which the liner nitride layer is deposited is put in a 
chanrber with an ozone atmosphere and ultraviolet rays are irradiated thereto for 
40 seiconds to 80 seconds in the step of performing ultraviolet ozone treatment 
to thqj surface of the liner nitride layer. 

It is preferable that ozone gas flows into the chamber at a flow rate of 

5000ibc/min to 7000cc/mln to fornn the ozone atmosphere. 

t' 

it is preferable that the ultraviolet rays are irradiated using an ultraviolet 
land that a temperature of the silicon wafer is SOO^'C to 4Q0°C during the 
pf performing ultraviolet ozone treatment to a surface of the liner nitride 



lamp 
step 
layer 



i A preferable embodiment of the present invention will now be described 
in defail with reference to the accompanying drawings. 



FIGS. 2a to 2c are schematic process drawings of a method for 
manijifacturing a pre-metal dielectric layer of a semiconductor device according 
to anj^exemplary embodiment of the present invention. 

: Firstly, as shown in FIG. 2a, a transistor device, for example a MOS 
transistor 13, including a gate oxide layer and a gate G, a source S, and a drain 
D theit are formed of poly silicon is formed at a device region of a silicon wafer 11. 
A de >ice isolation region is defined on the silicon wafer 11 by a field oxide layer 
12 formed by a LOCOS (local oxidation of silicon) process, an STI (shallow 
trenc h isolation) process, or other processes. At this time, sidewalls are formed 
to bclh sides of the gate G. and the source S and the drain D may be formed of 
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an LIDD structure. Also, silicide 14 is formed on an upper surface of the gate G, 
the sburce S, and the drain D to reduce contact resistance between the gate G, 
the djrain D, and the source S and a metal interconnect line layer to be formed in 

i 

a sutiisequent process. Subsequently, a liner nitride layer 15 as a lower layer is 
deposited over the entire surface of the silicon wafer 11 including the MOS 
transistor 13. The liner nitride layer 15 prevents impurities such as boron, 
phosphorous, and others which are contained in a BPSG layer from infiltrating 
the sSilicon wafer 11 including the MOS transistor 13 when the BPSG layer as a 
pre-netai layer to be deposited in a subsequent process directly contacts the 
silicqn wafer 11 . The liner nitride layer 1 5 also acts as an etch stop layer during 



later 



etching of the BPSG layer to forni contact holes. At this time, the liner 



nitri<^ layer 15 is deposited to a thickness of about 250A to 350A by a PECVD 
method at a certain temperature, for example, about 350°C to 450**C. using 



silan 



3 and ammonia. The deposited liner nitride layer 15 has plentiful hydrogen 



of atfout 20 to 30 mole% that is generated during a decomposition process of 
silan 3 and ammonia. Existence shapes are various as follows: Si-H, Si-H2, 
Si-H^, N-H. N-H2, and others. These maintain their bonds not only inside the 
nitride layer 15 but also at a surface of the liner nitride layer 15, and a bonding 
force of Si-H among these bonds is very weak such that it is easily broken by 
extejnal chemical contact 

I Subsequently, as shown in FIG. 2b, an ultraviolet ozone (O3) treatment T 
is performed on the surface of the liner nitride layer 15 having hydrogen in great 
quar titles. That is, the silicon wafer in which the liner nitride layer 15 is formed 
is put in a chamber for the ultraviolet ozone treatment T, and ozone gas is flowed 



8 
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over the silicon wafer 11 (preferably, over the liner nitride layer 15) at a flow rate 
of 5Cb0cc/nnin to 7000cc/min, as an example, to form the ozone atmosphere. 
Ultrayiolet rays are irradiated thereto for 40 seconds to 80 seconds, as an 
exaniple. In this case, the ultraviolet rays may be irradiated using an ultraviolet 
irradiiation apparatus including an ultraviolet lamp. Also, it is preferable that the 
tempbrature of the silicon wafer is 300^0 to 400''C. Then, ozone is 
decoTiposed into O2 and O by irradiation of the ultraviolet rays and the heat. O 
between these chemically reacts at the surface of the liner nitride layer 15 such 

i 
I 

that Ipydrogen having a weak bond on the surface of the liner nitride layer 15 and 
in thL vicinity therefore is removed according to Reaction Formula 2. The 

i 

hydrogen is replaced with oxygen, and the place where the hydrogen is removed 

at th| surface of the liner nitride layer 15 and in the vicinity thereof is ionized and 

I 

thus jreactivity is increased. 



iRe&ction Formula 2l 



Si 
t 

o 



1 



B 
I 

O 

H 
I 



SI 



Si 



B 
I 

\ O 

o 

I 

Si 



O 



SI / 
[ B 
0 

_l 

Si 



i: 



Subsequently, as shown In FIG. 2c, a TEOS type of BPSG layer 16 as a 
pre-rjietal dielectric layer is deposited to a thickness of about 12,000A to 

16,o|)OA by an APCVD method or an SACVD method over the entire surface of 

I. 

the jiner nitride layer 15 and the vicinity thereof having high reactivity, by 

i 
I 

ultra|iolet ozone treatment T. Then, as shown in All of FIG. 2c, the surface of 

the liner nitride layer 15 is easily filled with B-O, P-O, and Si-O, and a relatively 

I 

strorj'g covalent bond is formed according to Reaction Formula 2. At this time. 



I 
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with fespect to the BPSG layer 16, the bonds between B-O. P-O, and Si-O are 
weak; such that they are easily broken by external chemical and mechanical 
cents bt. Therefore, a densification process is performed at a temperature of 
aboui 600'C to 800°C to obtain a stable BPSG layer 16. Therefore, the 
chenrical and mechanical strength increases by approximately three times by 
the c'ensification process as compared with before the densification process. 
Also.jiB-O is further stabilized similar to B2O3 by receiving the heat. After this, a 

pre-n|ietal layer is completed by planarization of the BPSG layer 6 of the 

I 

semijsonductor device. 
[EfFpct of the Invention! 

As can be seen from the above description, according to the present 
inverjtion boron ions are prevented from infiltrating a silicon wafer by preventing 
generation of boron ions by reaction between hydrogen on the surface of a liner 
nitridb layer and B-O of a BPGS layer. Accordingly, degradation of a 
semifbonductor device is prevented by preventing a reduction of a threshold 
voltage of a PMOS and current leakage. This is because a BPGS layer is 
deposed after hydrogen of a surface of a liner nitride layer is removed by 
ultrayiolet ozone treatment of the surface of the liner nitride layer. The liner 
nitridje layer is deposited as a lower layer before depositing the BPGS layer. 
The iiner nitride layer prevents impurities such as boron, phosphorous, and 
otherjs which are contained in a BPSG layer from infiltrating the silicon wafer 
inclu iling the MOS transistor when the BPSG layer as a pre-metal layer to be 
depcjsited at a subsequent process directly contacts on the silicon wafer The 
jhitride layer also acts as an etch stop layer during later etching of the BPSG 
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Ito form contact holes. 
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\IMS] 

im 1] 

A method for manufacturing a pre-metal dielectric layer of a 
onductor device, comprising: 

a step of forming a semiconductor device having a gate, a source, and a 
at a device region of a silicon wafer, a device isolation region being defined 
i silicon wafer; 

a step of depositing a liner nitride layer over an entire surface of the 
I wafer including the semiconductor device by a PECVD method; 
a step of performing ultraviolet ozone treatment to a surface of the liner 
layer to remove hydrogen from the surface of the liner nitride layer and 
Dinity thereof; and 

a step of forming a BPSG layer as a pre-metal layer over the entire 
je of the liner oxide layer and densifying the BPSG layer. 

im2] 

The method of claim 1, wherein the silicon wafer on which the liner nitride 
is deposited is put In a chamber with an ozone atmosphere and ultraviolet 
are irradiated thereto for 40 seconds to 80 seconds in the step of 
Tiling ultraviolet ozone treatment to the surface of the liner nitride layer. 

rm 3] 

The method of claim 2, wherein ozone gas flows into the chamber at a 
ate of 5000cc/min to 7000cc/min to form the ozone atmosphere. 

12 
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|i 

ji The method of claim 2 or claim 3, wherein the ultraviolet rays are 

ii 

irradiated using an ultraviolet lamp. 



[Cilim 51 

The method of claim 4, wherein the temperature of the silicon wafer is 
300°(tp to 400''C during the step of perfomiing ultraviolet ozone treatment to the 
surface of the liner nitride layer. 



13 
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Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



